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Social issues are generally discussed by highly-involved and less-involved people to build
social norms defining what has to be thought and done about them. As self-involved
agents share different attitude dynamics to other agents [46], we study the emergence
and evolution of norms through an individual-based model involving these two types of
agents. The dynamics of self-involved agents is drawn from [20], and the dynamics of
others, from [9]. The attitude of an agent is represented as a segment on a continuous
attitudinal space. Two agents are close if their attitude segments share sufficient overlap.
Our agents discuss two different issues, one of which, called main issue, is more important
for the self-involved agents than the other, called secondary issue. Self-involved agents are
attracted on both issues if they are close on main issue, but shift away from their peers
opinion if they are only close on secondary issue. Differently, non-self-involved agents
are attracted by other agents when they are close on both the main and secondary
issues. We observe the emergence of various types of extreme minor clusters. In one
or different groups of attitudes, they can lead to an already-built moderate norm or a
norm polarized on secondary and/or main issues. They can also push disagreeing agents
gathered in different groups to a global moderate consensus.
Keywords: Attraction; rejection; norm; involvement; bounded confidence model; polar-
ization; extreme minority effect.
1. Introduction
In this paper, we define a norm as simply the behavior or opinion adopted by the
majority of a group of people. We are not interested in descriptive norms but more in
the injunctive norm emerging from our interactions with others and from the shared
∗Typeset names in 10 pt Times Roman, uppercase. Use the footnote to indicate the present or
permanent address of the author.
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normative beliefs supporting it [2]. Whereas descriptive norms refer to what most
people do, injunctive norms depict what most people approve of doing [12], what
is acceptable in a group. As a rule, the norm exerts social pressure to conformity
in the group, and agents tend to avoid straying too far from it. However, norms
do change, and there may also be a boomerang effect [37]. For instance, in most
European countries, majority opinion on society issues like abortion, homosexuality
and smoking has changed dramatically over the last 50 years. In agriculture, the
norm has long been towards strong intensification, meaning most farmers attach
high value to intensive practices and their high production outcomes regardless of
whether or not they conform in terms of behavior. Today, however, more and more
people and a minority of farmers disapprove of these practices, and this groundswell
may bring about strong social change in our conceptions of agriculture. The research
reported here sets out to understanding how such minorities emerge and how such
changes can take place.
The scholarship has singled out the involvement of certain agents as a condition
favoring resistance to the pressure to conformity. Muzafer Sherif especially outlined
the role of ego-involvement in persuasion: “... Regardless of the discrepancy of the
position presented, we predict that the more the person is involved in the issue
(the more important it is to him), the less susceptible he will be to short-term
attempts to change his attitude” [38]. Ego-involvement “refers more generally to
the involvement of the self or personal involvement. Ego-involving topics are those
that have intrinsic importance and personal meaning ... Important or involving
issues were those that had self-relevance” [33].
In his theories of social comparison [13] and cognitive dissonance [14], Leon
Festinger highlighted the need to be close, to be a member of a group, and to be
cognitively consistent. Here, building on these seminal works, we propose an agent-
based model inspired by [46] and social identity theories [4] [40] [42] to explore how
the strong ego-involvement of a part of the population may be responsible for the
evolution of a norm. The model agents can be involved or not in an issue being
discussed, and the corresponding dynamics are based on [9] and [20]. Two issues
are discussed. Some agents are involved in neither of them, while others are involved
in one issue, called main issue, but not in the other, called secondary issue.
The simulations show the emergence of small sets of agents sharing common ex-
treme opinions on the issues and differing from the majority. Under some conditions,
these agent clusters can lead a moderate majority to follow their extreme opinion on
the main or the secondary issues. This drift to the extreme can also take place when
the moderate majority is split in several different groups of opinions, each having
their own norm. However, we observe that the polarization on the secondary issue
can be very slow. In all these cases, we observe that a moderate norm changes for
a more extreme one. In what follows, we start by giving an overview of the model,
then go on to describe more details of the results and explain how they emerge, and
finish by summarizing the main results and discussing the interpretations .
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2. State of the art
Global overviews of the social psychology literature and agent-based models related
to social influence can be found in [5] [26] [17]. The vast majority of existing models
fail to consider the involvement of the agent in the issue discussed, despite it long
being recognized as an important variable by the social psychology scholarship [1]
[39] [38] [41].
A few models do consider agent involvement to some extent. The bounded con-
fidence model [9] [18] is quite consistent with social judgment theory, which states
that positive influence (i.e. opinion or attitude attraction) is a function of the dis-
crepancy of opinions between two agents, bounded by the influencees level of ego-
involvement in the discussed issue [39]. The “confidence segment” may thus be
related to the involvement in an issue - the larger the segment, the less involved the
agent.
Assuming that agents can sometimes shift away from each other as shown by [44]
or [39], [25] [21] [22] and [15] have proposed models with one threshold for attraction
and the same or another threshold for rejection. Overall, they have modeled atti-
tude shifts as proportional to the distance to the threshold relevant for rejection.
These thresholds can be also interpreted as defining the level of the agents ego-
involvement. Another investigation by simulation showing potential links between
involvement and attitude dynamics can be found in [36] with a model derived from
self-categorization theory [43]. More on more-or-less similar models can be found
in a recent review [17] that concluded on a need to compare existing models. In
line with this recommendation, below we give an in-depth description of models
potentially relatable to ego-involvement and sufficiently related to be meaningfully
compared.
Bounded confidence models can show convergence to extreme or moderate con-
sensus. The simulation typically starts with a population including two types of
agents: extremists who have extreme and very certain attitudes (they are never in-
fluenced by others), and moderates whose fairly uncertain attitudes are uniformly
distributed and who can easily be influenced. Depending on the initial number
of extremists and the initial uncertainty of the moderates, three types of conver-
gence emerge: central clusters, double extreme clusters in which almost everyone
has adopted one or the other extremist attitude, and a single extreme cluster imply-
ing that everyone shares the same extremist attitude [8] [7] [10]. A single extreme
cluster emerges from an initial convergence to a central opinion of moderate agents
which is then pulled by the extremist agents. This can be related to a norm change.
Recently, [28, 27] show that a new stationary state appears when the uncertainties
do not change over time and when the moderates have very large uncertainties,
i.e. the attitudes of moderate agents keep fluctuating without clustering, but the
distribution of the attitudes remains stable over time. These models assume that
attraction to the extreme minority is the main driver of norm change. Importantly,
they suppose that this extreme minority is initially present in the population - they
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do not explain how these initial extremists appear.
These models are in line with social psychology scholarship that assumes attrac-
tion to an extreme minority attitude [32] or an extreme minority group [11] [45] [6]
is the main driver of polarization. This is also tied to ego-involvement, since social
judgment theory [39] from which the bounded confidence models are largely in-
spired, assumes that level of ego-involvement influences the sensitivity of the agents
to persuasion. It argues for an influence that increases and then decreases with the
discrepancy between the attitude of influencer and the attitude of the influence.
The level of ego-involvement defines the inflexion point of the influence. Greater
ego-involvement leads to thicker discrepancy before the inflexion point, and thus
lower susceptibility to opinion change.
Another hypothesis to explain norm change can be found in a willingness of
agents to differentiate from others or at least some others. This is particularly
salient when agents are in deep disagreement on an important issue, typically one
that involves their identity, in which case they tend to be willing to differentiate
on other, less important issues. Indeed, several studies and theories suggest that
polarization is connected with identity issues [4] [40] [42]. The set of experiments
presented in [46] suggests that level of self-relevance of the source-group for the
agent is a key factor in the rejection mechanism. Indeed, the experiments show that
in cases of agreement on a minor issue and disagreement on a highly self-relevant
issue (i.e. group membership in the experimentation), a subject tends to shift away
from alters position on the minor issue. Moreover, in cases of agreement on a highly
self-relevant issue, the subjects tend to be attracted on minor issues whatever the
level of preliminary disagreement. [20] proposed an agent-based model inspired by
[46] considering a dynamics for highly self-involved agents (considering the degree
ego-involvement in an issue as very similar in concept to the self-relevance of an
issue). The authors consider peer interactions in which two agents influence each
other on attitudinal dimensions, assuming that one attitude is important (main)
and the other is secondary. On each of the two dimensions (i.e. two attitudes), they
suppose that the attitudes can take continuous values between -1 and +1. When
the agents are close to each other on the main dimension, they tend to attract each
other on the secondary dimension, even if their disagreement is strong. When they
disagree on the main dimension and are close on the secondary, then they tend to
reject each other on the secondary dimension. The model includes two thresholds:
the um threshold on the main dimension, and the us threshold on the secondary
dimension.
This model leads to approximately 1/um main opinion clusters, while in the
classical bounded confidence model, this number is approximately 1/um ∗ 1/us.
The reason for this significant difference is that in the model proposed in [20] the
clustering is only driven by the main dimension with its threshold um; the number
of secondary dimensions does not influence the number of clusters [20]. This makes
the number of clusters independent from the number of secondary dimensions, and
simplifies the perception of the social space (the smaller number of clusters).
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Simulations with this model also show the existence of minor clusters containing
a very small number of agents, when the parameter ruling the speed of attraction
is sufficiently large (as is the case in the following study). These minor clusters
have already been observed in the bounded confidence model. They are located
between the main clusters and at the extremes of the opinion space, especially for
large values of confidence threshold u leading to one major cluster containing at
least 95% of the population [23] [24]. These minor clusters are important in the new
model that we describe later in this paper.
[20] also observe a polarization on the secondary dimension due to rejection.
This polarization often occurs after a first stage of clustering in a moderate opinion
and then they migrate to an extreme attitude. However, this dynamics takes place
only when all agents share the main dimension as highly self-relevant, as in the
experiments of [46]. Of course, in practice it is unlikely to find a situation where all
the agents of a population define themselves through the same salient social issue.
[46] (pp. 1190, 1191) adds that if the participant is not highly negatively self-
involved in the source-group of the source, he will not change his opinion when he
agrees with the source on the secondary issue but not on the main issue. Instead,
he decreases the relevance of the source (i.e. the level of importance assigned to the
sources group) in a way to not differentiate from it in the future. They add that
participants who were relatively indifferent to the group source demonstrated little
shift in their attitude judgments (p. 1186). Here, then, and for the sake of simplicity,
we assume that some agents are indifferent to their group membership and do not
change their opinion if they disagree on only one dimension and that self-relevance,
or level of importance given to the main attitude, is constant.
In the following, we consider a mixed population composed of a static set of
highly-self-involved agents (called HSI agents) in one main attitude and the com-
plementary set of no-more-important-attitude agents (called non-HSI agents). The
dynamics of the HSI type of agents is based on [20] while the dynamics of the non-
HSI type is based on a classical 2D bounded confidence model [9]. Our populations
of agents have attitudes initially drawn uniformly. We simulate their evolution, for
different values of the parameters, in order to compare the behavior of a mixed
population to the behavior of pure population of highly involved agents or non-
highly-involved agents. Analysis of the simulation found the emergence of several
types of extreme minor clusters. They can lead a population that has converged
to a moderate norm in a first stage to an extreme norm on both the minor and
fundamental ones. This phenomenon can drive the majority of the population or
only some groups of opinions. We also observe that several groups polarized on
secondary issues ultimately, after a very long time, adopt a unique moderate norm.
Some of these observations are specific to mixed populations. Moreover, a small
number of self-involved agents in the population is enough to significantly reduce
the number of clusters.
In what follows, we start by giving an overview of the model, then go on to
describe more details of the results and explain how they emerge, and finish by
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summarizing the main results and discussing the interpretations.
3. The model and experimental design
We consider a population of N individuals, part of them considered highly-self-
involved in the main dimension while the other part is not. The model includes four
parameters: h, the proportion of highly-self-involved people that share very similar
dynamics to the people considering group membership as highly self-relevant in
[44], um and us, thresholds for opinion change on the main and the secondary
dimension, respectively, and µ ruling the intensity of influence at each meeting
(comprised between 0 and 0.5). An individual has two attitudes, xm (on the main
dimension) and xs (on the secondary dimension), taking real values between -1 and
+1. During an iteration, a pair of individuals X and Y is randomly chosen and can
influence each other. The algorithm is the following:
• Choose a random couple (X,Y ) of individuals in the population;
• X and Y change their attitudes at the same time, according to the influence
function corresponding to their status, i.e. the potential influencee is a non-highly-
self-involved (non-HSI) agent or a highly-self-involved (HSI) agent.
3.1. Influence on a non-highly self-involved agent (non-HSI)
The calculation of the influence of Y on X if X is a non-HSI agent (of course the
influence of X on Y if Y is a non-HSI agent is found by inverting X and Y ) is as
follows. Let (xm, xs) and (ym, ys) be the attitudes of X and Y, respectively. The
influence of Y on X is not null if |xm − ym| ≤ um and |xs − ys| ≤ us indicating
that agent X agrees with Y. Both attitudes of X are going to get closer to those of
Y, proportionally to the attitudinal distance on each dimension:
xm(t+ 1) = xm(t) + µ(ym(t)− xm(t)) (1)
xs(t+ 1) = xs(t) + µ(ys(t)− xs(t)) (2)
For every other case of partial agreement (only close on one dimension) or total
disagreement (far on two dimensions), X remains indifferent to Y and does not
change opinion.
3.2. Influence on a highly self-involved agent (HSI)
The calculation of the influence of Y on X if X is a HSI agent (of course the
influence of X on Y if Y is a HSI is found by inverting X and Y ) is based on [20]
as follows. Let (xm, xs) and (ym, ys) be the attitudes of X and Y respectively. We
first consider the main attitude dimension.
If |xm − ym| ≤ um, agent X agrees with Y on the main dimension. Both atti-
tudes of X are going to get closer to those of Y, proportionally to the attitudinal
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distance on each dimension:
xm(t+ 1) = xm(t) + µ(ym(t)− xm(t)) (3)
xs(t+ 1) = xs(t) + µ(ys(t)− xs(t)) (4)
Indeed, whatever the agreement level on the secondary dimension is, X is going
to be globally closer to Y. If it was already close, it gets closer.
If |xm − ym| > um, then agent X disagrees with Y on the main dimension,
and if |xs − ys| ≤ us, then agent X feels it is too close to Y on the secondary
dimension, because of their disagreement on the main dimension. X solves this
conflicting situation by moving away from Y on this dimension. The attitude change
is proportional to the distance to reach the rejection threshold:
if (xs − ys) < 0, then xs (t+ 1) = xs (t)− µ (us − (ys (t)− xs (t)))
else if (ys (t) 6= xs (t)), then xs (t+ 1) = xs (t) + µ (us + (ys (t)− xs (t)))
else xs (t+ 1) = xs (t)+ sign()µus
where sign() is a function returning -1 or 1, each with a probability 0.5. This
sets the direction of the opinion change chosen at random when X and Y perfectly
agree.
In the other cases, X is not modified by Y. Moreover, we confine the main
attitude in the interval [-1, +1]. The secondary attitude can be confined in the
interval [-1, +1], or totally unbounded. These two cases allow, in an experimental
design considering both, an understanding of the impact of the confinement. The
attitude of Y is calculated in the same way, considering the situation of the meeting
with X and if Y is HSI.
3.3. Experimental design and the measured indicators
We run the model, for different values of the parameters, in order to compare the
behavior of a mixed population to the known behaviors of a pure population of
HSI or non-HSI agents. We vary the following parameters considering 10 replicates
for each set of values and 10,000 agents. Using 10 replications is sufficient for our
study, since there is little variation in outcome measures between runs: the average
standard deviation of our main indicator, i.e. the average absolute opinion of the
population varying between 0 and 1, is 0.06. um and us vary from 0.05 to 1 in
increments of 0.05. Most of the study is done using h equal to 0.1. However, we
also vary h to show that the emerging patterns are sensitive to this parameter for
what is observed on the secondary attitude dimension. For a same set of parameter
values, we consider two cases for the purpose of comparison: (1) on the secondary
dimension, the opinion is confined between [-1;+1]; (2) it is not confined, nor on
the main, neither on the secondary dimension. However, this is only during the
simulation, since in both cases the initial distribution is confined in [-1;+1].
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While the basic study is done with 10,000 agents, the figures representing one
population state in what follows can be built on a population of 25,000 or 5,000
agents (figures 1 to 4 and 8). This is only to make the figures easier to read and
does not impact the qualitative results observed. The figures giving an overview of
the behavior of the model (figures 5, 7, 9 and 10) are built from a population of
10,000 agents.
We arbitrarily stop the exploration of um and us at 1 for this first study. Sim-
ilarly, µ, the parameter ruling the intensity of the influence, remains constant on
the two dimensions for every experimental condition, at a value of 0.5.
The second case was studied to prove that the bounds are not responsible for
the polarization. Indeed, due to bounds, some clusters of agents unable to adopt
an attitude far enough from others might explain why some other clusters polarize
and are finally located further than expected. Two indicators are measured during
the simulation and then averaged over the replicates in order to define the number
of norms we observe as well as how moderate they are. These indicators are:
• the number of clusters (which is classically counted by considering an agent as a
member of a cluster if it is located at a distance smaller than a threshold from at
least one member of the group considered); each cluster has its own norm, which
is the average opinion of its members;
• the average absolute opinion on each dimension so as to define how polarized the
population is. Polarization is classically defined as an extremization of attitudes
after some discussions in a group compared to the attitudes initially held by
the in-group people. It is classically measured by the average opinion before and
after a discussion. When the average opinion has increased in absolute value,
the discussion is assumed to have led to polarization, in a process that is both
individual and collective.
The interpretation of the level of moderation of the norm(s) and its
evolution from the average absolute opinion depends on the number of
clusters. We know this model is ruled in terms of group number by the dynamics of
the bounded confidence model. From this model, we are able to define the expected
absolute average opinion of the population when it does not polarize. We thus know
the evolution has to be interpreted differently when the final number of groups is
one and when it is at least two or more:
• when all the agents converge to a unique group, we know that they tend to a
moderate central opinion which is 0.5 in our model. Since the agents opinions are
initialized at random, the average absolute opinion is valued 0 at the beginning,
as the opinion case goes from -1 to +1. Then, for a unique opinion group (a
unique norm), a final value of the average absolute opinion higher than 0 indicates
a polarization of the norm. If the average absolute opinion is higher than 0.5,
this means the population gathered into one moderate group (with an average
absolute opinion close to 0) before adopting an extreme norm (this behavior will
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be illustrated in the following);
• when agents are gathered in several groups at the end of the simulation, the
initial average absolute opinion is still valued 0.5 but the expected moderate
final average absolute opinion varies from 0.4 to 0.5 depending on whether the
number of clusters is odd or even, respectively. Then we can diagnose the level of
polarization of the groups - and each of their corresponding norms - using these
references.
4. The trajectories to understand the global dynamics
Fig. 1. Opinion states for 25,000 agents (25,000 agents were chosen for illustration purposes to
make the dynamics more visible on the graph): on the left, initial random opinion; on the right,
at time-step 448. Each dot represents one couple of opinion (xm,xs) of an agent. On the x-axis,
opinion 1 is the main opinion. On the y-axis, opinion 2 is the secondary dimension. The attitudes
on the secondary dimension are confined in [-1, +1]. Small dots are non-HSI agents, and large dots
are HSI agents. The density distributions of opinions on each dimension are visible on the right and
at the top of the right-hand graph. The model can be run at http://motive.cemagref.fr/lisc/bc/
and thus the trajectories seen in color.
This section shows typical trajectories of the model corresponding to the emer-
gence of a first norm which then goes on to change due to the dynamics. These
trajectories illustrate the main principles of the model. They have been selected for
illustration purposes considering the most frequent steady state of the bounded con-
fidence model: the moderate consensus for which every or almost every agent adopts
a moderate opinion. Figure 1 presents the initial state as well as the type of graph
used to show the trajectories of the model (on the left). All along the simulation,
dots on graphs represent agents opinions: small dots represent the non-HSI agents,
and large dots represent the HSI agents. Since the clusters are sufficiently formed,
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they are also represented in density over the parameter space (on the right). The
scale for the density is on the right of the figure. The model can be run online at
http://motive.cemagref.fr/lisc/bc/ and thus the trajectories seen in color (the code
is also available). All the graphs in this section consider a population with 25,000
agents to make them more readable, and a confined secondary attitude.
4.1. A moderate consensus on the main dimension polarizes due
to a minority effect
Figure 2 presents the first unexpected impact of the presence of HIS agents in
the population. After an expected convergence, since um is higher than 0.5, to a
moderate consensus among almost all the agents, this consensual group is seen to
polarize due to the impact of extreme minorities. The trajectory is mainly ruled
by attraction between agents. Due to the high value of um which implies strong
interagent influence, agents quickly gravitate to the center (from step 20 to step
190), and some agents are forgotten by the dynamics on the extreme values of the
main dimension (see the histogram representation of the main dimension on the
figures). HSI agents gravitate to center quicker than non-HSI agents; they only
need to be close to the influencer on the main dimension to converge to the center.
Non-HSI agents are slower due to the double constraint for influence (close on
the two dimensions), and so they are then the ones forgotten by the dynamics on
the extremes. They gather together and constitute the “minor clusters” referred
to in the state-of-the-art section. For us < um, the initial centralization on the
secondary dimension is slower than the centralization on the main dimension (see
figures from step 20 to 190). Then, there are less forgotten agents at the extremes
on the secondary dimension. Moreover, HSI agents gravitate to center quicker than
non-HSI agents (see larger dots in the center compared to small ones around at
steps 20 to 80).
We observe a second period in the simulation from step 80 to step 190. This
is a transitory in-group polarization on the secondary dimension. Almost all the
agents are gathered in the central cluster defined by the main dimension. However,
regarding the secondary dimension, non-HSI agents, which composed the majority
of the central cluster, are gathered in three clusters (see the density distribution
on the right of the figures, step 80 and 93). The HSI agents, which are members
of this central cluster due to their dynamics, assess the non-HSI agents, which are
also members of the central cluster, as being member of their unique cluster also
on the secondary dimension. They are then influenced by them, and continuously
move from one non-HSI secondary dimension cluster to another. At the same time,
they influence in return the non-HSI agents, progressively attracting them to the
center, reducing the number of clusters on the secondary dimension to two (see
density distribution on the figure at step 150), and finally gathering them into a
unique central cluster (step 190).
In a third period, since everyone is gathered in a unique large centered cluster, a
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Fig. 2. From a moderate majority to an extreme majority on the main dimension. Stable state for
25000 agents, um = 0.8, us = 0.3, h = 0.1 (large dots are HSI and small dots are non-HSI agents).
From top left to bottom right, time: 20, 40, 80, 93, 150, 190, 1200, 5300, 8676, 14275, 32600 and
89720. On x-axis, opinion 1 is the main opinion. On y-axis, opinion 2 is the secondary dimension.
The attitudes on the secondary dimension are confined in [-1, +1]. More details on how to read
figures can be found in the caption to Fig. 1.
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first moderate norm has been built. However, this moderate cluster slowly oscillates
in the opinion space due to HSI agents who want to be closer to forgotten agents
on the borders since they consider them as members of their own group. This
movement leads the larger cluster to a polarization that is only stopped when all
forgotten people who are close on the main dimension are gathered in it (see from
step 190 to the end). The major cluster, which had been moderate at time 190 and
for a long time, has ultimately changed norm by the end to finish with a relatively
extreme norm.
It is obvious that HSI agents represented by the larger dots are attracted on
both dimensions by the extreme corners of non-HSI agents. To sum up, it is the
stability of the emerging small corner clusters which is responsible for
the polarization of the larger cluster. This stability comes from non-
HSI agents which require closeness on both the main and secondary
dimensions in order to be influenced. It allows the extreme corners of non-HSI
agents to attract the HSI agents previously located in the center. This first type
of polarization is entirely due to the attraction process and does not
depend on the rejection process.
Fig. 3. Long transitory in-group polarization on the secondary dimension um = 0.7, us = 0.1, h
= 0.1, 5000 agents. The clustering process on the secondary dimension is very long when us is
small. Then, the agents stay a long time within several clusters on the secondary dimension inside
a unique cluster based on the main dimension (see time 1500 and 4000 on the left and the centered
graph). However they ultimately form a unique cluster after a very long time (step 96032 on the
right). On x-axis, opinion 1 is the main opinion. On y-axis, opinion 2 is the secondary dimension.
The attitudes on the secondary dimension are confined in [-1, +1]. More details on how to read
figures can be found in the caption to Fig. 1.
The transitory in-group polarization on the secondary dimension observed dur-
ing the second period can last for long as shown in figure 3. It occurs when us is
small (and um >0.5). It is due to the time required to reach the convergence, which
increases when us decreases. At smaller us values, the unique central cluster covers
almost all the secondary dimension for a long time, composed of various subclusters
of non-HSI agents which are joined altogether by moving HSI agents (see Fig. 5).
At the end, everyone is gathered in the center due to the impact of the HSI agents.
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This perfectly describes how HSI increases the level of cohesion of the population
compared to a population of non-HSI agents (i.e. compared to the classical bounded
confidence model).
4.2. A moderate consensus on the secondary dimension polarizes
due to another minority effect
Fig. 4. From a moderate majority to an extreme majority on the secondary dimension. Stable
state for 25000 agents, um = 0.7, us = 1.0, h = 0.1 (large dots are HSI agents and small dots
are non-HSI agents). Top circles indicate extreme cluster of non-HSI agents and bottom circles
indicate HSI agents. From top left to bottom right, time: 11, 14, 96, 6505 and 15969. On the x-axis,
opinion 1 is the main opinion. On the y-axis, opinion 2 is the secondary dimension. The attitudes
on the secondary dimension are confined in [-1, +1]. More details on how to read figures can be
found in the caption to Fig. 1.
Figure 4 shows how a similar change can also occur on the secondary dimension
in a mixed population. For our particular case, compared to the minority effect
leading to norm change on the main dimension, agents in the central cluster gather
very fast on the secondary dimension (see steps 11 and 14). As in the previous
subsection, some non-HSI agents remain forgotten on the extremes, especially on
the main dimension because us is so large on the secondary dimension that the
convergence to the center happens very quickly and does not forget anyone except
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if the closeness conditions is not respected on the main dimension. Moreover, agains
since us is very large, agents are very close to each other on the secondary dimension
before being close on the main. In such situation, HSI agents located at one extreme
of the large cluster on the main dimension shift away from agents (HSI or non-HSI)
located at the other extreme of this same large cluster, since they do not consider
them as members of the same group while feeling close on the secondary dimension
(see steps 11 and 14, HSI agents represented by the larger dots). Some HSI agents
polarize progressively to the extreme by shifting away from the other HSI agents
and the forgotten non-HSI agents located close to the other extreme, while the other
agents have gathered to a major cluster with a moderate norm (see step 96).
Then, these HSI and non-HSI agents gather together to create extreme minor
clusters (see step 6505). From the point of view of the HSI agents, members of the
largest initially central cluster, the members of the minor clusters are considered as
close on the secondary dimension while far on the main dimension. The HSI agents
of the largest cluster then shift away from them while simultaneously attracting
the non-HSI agents of the largest cluster. On the other hand, extreme HSI agents
of the minor clusters do the same (see bottom circles on fig. 4). This makes the
large cluster polarized on the secondary dimension until the minor clusters are no
longer considered close while minor clusters do the same. Then, once again, after
having an initially moderate norm, the major cluster adopts an extreme norm, but
on the secondary dimension. This type of polarization depends on rejection
(it does not appear for a similar model with no rejection).
5. The global properties of the dynamics
This section overviews the stable states reached by the model presented in section
3. We especially want to see which norm is reached and whether it changed during
the simulation.
5.1. When does the norm change on the main dimension?
In the following, we address our research question by looking on the main dimension
and the secondary dimension in turn. We draw maps of the average absolute opinion
at the end of the simulation for various um and various us on the main and on the
secondary dimension. As explained in subsection 3.3, interpretation of the degree
of gray depends on the number of clusters at the end of the simulation. Two areas
should be distinguished: um > 0.5 giving more than one cluster on the left of the
map; and um < 0.55 giving one major cluster on the right of the map. Perfect
moderation of the final opinions is indicated in white on the right but mid-grey on
the left. For both sides, all other gray degree show various levels or polarization.
The fig. 5 shows the maps for main dimension.
For um > 0.5 corresponding to only one major cluster, we observed a polarized
norm within a particular angle-shape of couples of (um, us) values. The trajectory
shown in the Figure 2 occurs in this area which corresponds to a norm change from
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Fig. 5. Variation of average absolute opinion on the main dimension for h = 0.1 and 10000 agents.
x-axis plots um and y-axis plots various um.
moderate to extreme. The white area indicates agents that have adopted a moderate
norm and then remain unaffected by extreme minor clusters. The angle-shape is due
to the speed of convergence which, depending on the value of uncertainty, leaves the
agentsat various distances from the center without being influenced by the other
converging agents. This was pointed out by [23] in their study of the emergence
of minor clusters in a bounded confidence model implemented in an agent-based
model. Figure 6, which is extracted from their work, clearly shows that in the area
corresponding to one major centered cluster (on the right of the graph), the location
of the minor cluster, not so far from the center at the beginning, strays further away
as u increases. Thus, when the minor clusters are closer on one dimension to the
HSI agents shifting towards them, they can be influenced quicker by HSI agents and
join the moderate central cluster before the HSI agents have attracted the majority
of non-HSI agents of the moderate central cluster to the extreme. When the minor
clusters are further, they almost cannot be influenced by HSI agents before the
moderate major cluster becomes more extreme. This indicates that this dynamics
is probably sensitive to the proportion of HSI agents in the population.
On the left part of the figure, for um < 0.55 corresponding to more than one
major cluster, we observed norms that polarized for um=0.45 and us from = 0.3
to 0.75 (see the darkest gray of the left part of the figure). This um value indicates
that the stable state has two major clusters. The darker area thus corresponds to a
bipolarization of the population. For lower and larger values of us, the population
gathered in two moderate clusters is not sensitive to the minor extreme clusters.
Note that this kind of polarization on the main dimension only occurs when the
population is mixed, composed of HSI and non-HSI agents. It does not occur with a
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simple 2D bounded confidence model, nor with a model like [20] with a population
composed only of HSI agents.
Fig. 6. Distribution of agents opinions x (on the y-axis) as a function of attraction threshold u
in x-axis for µ = 0.5 - extracted from [23], figure 2. White dots indicate minor clusters, whereas
black dots indicate major clusters, with a population larger than 1000 agents. The lines enclose
the basin of attraction of the state with a single cluster. The results of a single realization are
shown in each panel for each value of u on the x-axis.
5.2. When does the norm change occur on the secondary
dimension?
Figure 7 shows the maps for the secondary dimension.
For um > 0.5 corresponding to only one major cluster, we observed a polarized
norm for (a) large us > 0.9 and (b) small us < 0.15. The trajectory shown in
figure 4 occurs in this area, for a large us. This is where we observe a norm change:
from moderate to extreme. What occur in this area for small us corresponds to the
trajectory shown in the figure 3, which is a very long transitory polarization on the
secondary dimension. We have not done a long-enough simulation to observe the
final moderate consensus, so the centralization is not yet total at the end of our
simulations. The white and light-grey areas indicate a total centralization where
agents have adopted a moderate norm and then remain unaffected by extreme
minor clusters.
On the left part of the figure, for um < 0.55 corresponding to more than one ma-
jor cluster, we observed a polarization of norms when us is large enough compared
to um (darker areas). Note there is not only a polarization on the left corner (darker
areas) but also a centralization (mid-grey area around the diagonal of the left part).
The population states in this centralization area is composed of clusters of agents
having a similar opinion that is closer to the centered opinion 0 compared to the
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Fig. 7. Variation of the average absolute opinion on secondary dimension for h = 0.1 and 10000
agents. x-axis plots um and y-axis plots various um.
expected moderate behavior. This expected behavior corresponding to the case of
HSI agents having no impact is reached in the transitory area between the darker
top triangle and the mid-grey diagonal [see 3.3 for details on how to interpret the
average absolute opinion values]. These polarization and centralization dynamics on
the secondary dimension, as well as the position of the moderate frontier between
the two, can be properly explained. The frontier is defined by us=2 um. Indeed,
in a pure non-HSI-agent population, cluster localization is exclusively due to the
attraction process, as agents gather each other in areas of us or um widths. So two
clusters, located in two different areas, are distant from two us or um (depending
on the dimensions we look at). Conversely, when the population contains some HSI
agents, the attraction on the secondary dimension is no longer bounded by us since
HSI agents are attracted and attract in return every other agent that is close on
the main dimension until they all become members of the same cluster on the sec-
ondary dimension too. There is thus a strong tendency to gather in the center of
the secondary dimension in a first step. However, in a second step, the rejection
by HSI agents of members of other clusters defined by the main dimension pushes
away the people from different clusters on the secondary dimension. This is a norm
change: from moderate at first, to polarized. However, HSI agents do not need to
differ from more than us to become stable. This is why clusters have a closer equi-
librium position in the opinion space on the secondary dimension (distant from us)
than expected from a more oriented attraction dynamics (distant from 2 us). As
confirmed by Figure 8 at right, this is affected by h, which partly rules the initial
attraction strength against the rejection process.
Overall, for a population containing HSI agents, the frontier between centraliza-
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Fig. 8. Dynamic equilibrium state for 5000 agents, um = 0.05 and us = 1.1, for h = 0.7 on the left
and for h = 0.05 on the right. A small h (on the right) allows agents to cluster on the secondary
dimension even if HSI agents continue moving, whereas for a large h the agents are always moving
and unsatisfied (on the right). This clearly shows that the smaller proportion of HSI agents allows
non-HSI agents to cluster despite the bounded property of the opinion space. The HSI agents are
located on the extrema of the secondary dimension and in the center. Clusters, mainly composed
of non-HSI agents are stable even if close on the main dimension. Since HSI agents, a minority, are
attracted by their related clusters of non-HSI agents, they remain close to them on the secondary
dimension despite their discomfort with also being close on the main dimension with other clusters
and/or on the borders of the secondary dimension. They have pushed their own clusters away
from the center of the secondary space, but there are too few of HSI agents to make them move
continuously.
tion and polarization on the secondary dimension is defined by us=2um, regardless
of whether the dimension is bounded, because this is the exact value for which
the opinion space occupied by the clusters on the main dimension and the second
dimension is the same, knowing that the whole space on the main dimension is oc-
cupied according to the uniform initial distribution of opinion. For us <2um, there
is less space occupied on the secondary dimension, which implies a centralization
of opinions that are consequently closer to the center than they initially were. For
us >2um, the clustering process on the secondary dimension requires more space
than that occupied on the main dimension. This opinion evolution occurs when the
rejection threshold is significantly higher than the attraction threshold. For these
values, the rejection process is dominant. The initial attraction on the secondary
dimension is weak. Indeed, as the attraction on the main dimension is also weak,
many agents stay far from each other. The polarization on this dimension begins
before the centralization has really been formed. In this case, people are partic-
ularly narrow-minded about what is important for them, and thus form a lot of
groups. Moreover, HSI agents want to be very different from agents of other groups
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on the secondary dimension. They socially self-define by differentiation to others.
For a pure population of HSI agents and for very small um values and very large
us values, agents continue to fluctuate on the secondary dimension without being
able to find an opinion allowing them to differentiate from agents of other groups.
In the same conditions, for a mixed population with a small enough h, agents do
not fluctuate. Figure 8 illustrates these behaviors and shows (see left) that a mixed
population tends to cluster. Indeed, on the left, we observe that for low h values, the
number of clusters is the same for a bounded opinion space as for an un-bounded
opinion space (see on the right of Figure 9). Conversely, on the left of figure 9
showing a pure population of HSI agents in a bounded opinion space, for larger h
values, the number of clusters decreases to zero since the continuous move on the
secondary dimension makes the cluster-counting algorithm inefficient.
Fig. 9. Average absolute opinion on the secondary dimension (bars) and average number of clusters
containing more than 2% of the population (line) for various h on x-axis on the left for an bounded
opinion space and on the right for an unbounded opinion space (5000 agents um = 0.05 and us
=1.1, 10 replicates). Note that polarization level is the same for all h in the bounded space case
but sensitive to h in an unbounded opinion space. This finding warrants further investigations,
which are not in the scope of this paper.
Note, finally, that the polarizations for um > 0.5 on the secondary dimension
only occur when the population is mixed, composed of HSI and non-HSI agents,
at least for us ≤ 1. It does not occur with a simple 2D bounded confidence model,
nor with a model like [20] with a population composed only of HSI agents. The
polarization for um < 0.55 and a large enough us does not occur with a simple 2D
bounded confidence model but does occur with a model like [20] with a population
composed only of HSI agents.
5.3. What about the two dimensions seen simultaneously?
Overall, from the comparison between the figure 5 and the figure 7, one can no-
tice the two types of polarization, on the main and on the secondary dimension,
do not appear simultaneously. However, the centralization area on the secondary
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dimension, delimited by us ≃ 2um, corresponds to very different behaviors on the
main dimension: polarization, centralization or no change. This means that while
the cohesion increases on the secondary dimension, all the behaviors are possible
on the main dimension.
We would intuitively think that the polarization can be explained by the fact
the opinion space is bounded. However, this is not the case, as can be seen in Figure
10 below showing results for an unbounded attitude space, where we see the same
polarization areas on both maps.
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Fig. 10. Average absolute opinion on the main (left) secondary (right) dimension for 10000 agents
evaluating in an unbounded opinion space, h=0.1. x-axis plots um and y-axis plots us. While
white (right part on the right figure) or mid-grey (left part of the left figure) charts the area with
a moderate polarization [which in fact can correspond to no change in polarization compared to
the initialization, but also to a decrease preceding an increase], white on the right part of the left
figure) charts the area of total centralization and darker grey charts the area of polarization [which
has decreased and then increased, or not changed].
6. Conclusions
Here we study how self-involvement can explain a norm change in an agent-based
model. We consider a population composed of two different types of agents: highly-
self-involved (HSI) agents having a dynamics based on [20] inspired by a particular
set of experiments [46]; non-highly-self-involved agents (non-HSI) with a dynamics
based on a 2D bounded confidence model [9]. The dynamics of HSI corresponds to
the particular behavior in terms of attitude change of people who are highly self-
involved in one dimension and consider it as self-defining. From the modelling point
of view, it assumes that one dimension is more stable and more important than the
other. This more stable dimension, called main dimension, represents the highly
self-relevant issue for the agents, and it rules the attitude change on a secondary
dimension. If two agents are close on the main dimension (separated by a distance
smaller than um), then they attract each other on the main dimension and on
the secondary dimension, whatever their disagreement on the secondary dimension.
If they are far from each other on the main dimension, then proximity on the
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secondary dimension (at a distance less than us) is uncomfortable, and generates
rejection on this dimension. Proximity on a dimension is defined by comparing the
attitude distance with the agents threshold on this dimension. For non-HSI agents,
neither main nor secondary dimension is more important. Then, to be influenced,
the non-HSI agent should consider the peer source as close on the two dimensions
simultaneously. One might think this latter condition for influence is hard to meet,
yet [46] state that participants who do not consider the source as highly self-relevant
do not change their opinions, and experiments reported in [30] [29] [31] [35] show
that the level of attraction for peers depends on the degree of similarity with them.
As expected, simulations show agents gathering in attitudinal groups. The num-
ber of groups is defined by how close they are on the main dimension to the rest
of the population. Even a few HSI people are enough to minimize the number of
clusters.
The moderate cluster(s) built in the central part (i.e. having a moderate norm)
of the opinion space at first can later polarize on main issues for some particular
couples of values (um, us) and adopt a (some) more extreme norm(s). This is due
to the interaction of these major moderate cluster(s) with some extreme minor
clusters. These extreme minor clusters emerge from the dynamics and are only
composed of non-HSI agents. When they appear close enough to major clusters,
they get absorbed by them, whereas when they are further in the opinion space,
but not far enough for moderate HSI agents to see them as not in-group members,
they attract the moderate agents without being influenced by them. Indeed, they
are more stable, as they are more demanding on the conditions of closeness to
be influenced (i.e. closeness on the two attitudinal dimensions is required). The
attracted moderate HSI agents are then attracted by the non-HSI agents located
both in the center and in the extremes. However, only the interaction with centered
agents is symmetrical. Due to the stochasticity of the model, one of the minor
extreme clusters finally has more impact on the moderate agents. Then, at this time,
extreme non-HSI agents attract moderate HSI agents who, in turn, will attract the
moderate non-HSI agents. This is a long process, since moderate non-HSI agents
resist by also attracting HSI agents. However, as extreme non-HSI agents cannot
be attracted, they finish by winning, and the previous majority of moderate agents
becomes more extreme.
A second type of norm change from moderate to extreme appears on the sec-
ondary dimension. It occurs when some agents remain forgotten on the extreme of
the main dimension - i.e. non-HSI agents, as well as some HSI agents, located far
enough from the center on the main dimensionare rejected on the secondary dimen-
sion during the convergence to a moderate opinion of the population majority. These
extreme agents, both HSI and non-HSI, form extreme minor clusters on the main
attitudinal dimension. The norm change of the clusters is due to HSI agents reject-
ing other HSI agents from other groups and attracting agents of their own groups.
This echoes the theories related to groups and identity, especially self-categorization
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theory [25] [16] [21] arguing that agents look for a compromise between difference
and similarity to others at group level. This type of polarization depends on re-
jection. It is more intuitive, since people are more certain about their fundamental
issue than their secondary issue.
The appearance of a long transitory in-group polarization associated with large
certainty (i.e. small uncertainty) on secondary issues is also of interest. It also
perfectly describes how HSI increases the level of in-population cohesion compared
to a population of non-HSI.
7. Discussion
Our discussion consists mainly in a comparison to other models of attitude, as
recommended in [17]. Overall, these first results seem to reconcile different points
of view on the possible source of polarization due to minorities: (1) attraction for
extreme minority on the main issue, or (2) rejection on the secondary issue.
In contrast with most of the scholarship presented in introduction, the hypothe-
ses of our model do not favor one or the other reason for evolution to polarized
norms, but instead integrates both mechanisms and shows that both explanations
are compatible and can occur in different contexts.
Indeed, if we focus on the hypothesis that the change of norm is due to an
attraction of the majority by a minority, we can compare our work to [7] and
[10] and more recently [28] or [19] with a slightly different version of the bounded
confidence model (these two versions have been properly compared in [24]). In
our model, as in these works, the evolution to a polarized norm does not depend
on rejection, but only on attraction to an extreme minority on the main issue.
The result of our experimental design has been also interpreted with the patterns
reported by these authors (see the Appendix). One can draw a parallel with the
classical increase of u and proportion of extremists in the population explaining
the emerging pattern in the bounded confidence with extremists, and the increase
of um, ruling the number of clusters and us ruling how strong the extremists are.
The models differ in the hypothesis explaining the strength of the minor extreme
cluster: in the bounded confidence model, the strength of the extremist cluster is
directly proportional to its size, whereas in our model this relationship is less direct,
because the influence requires conditions on both the attitude dimensions. But the
main difference is that extremists are endogenously added at initialization in the
bounded confidence model with extremists, whereas they emerge in our model. This
emergence makes the impact of us complex and difficult to disentangle. Note too in
Figure 11 in Appendix on the left map that “bipolarization”’ in the darkest gray
occurs for lower uncertainty values (i.e. um) compared to the bounded confidence
model with extremists (u).
This suggests that an evolution of the fundamental attitudes defining a norm
is not due to the rejection mechanism on these attitudes but more to the low self-
involvement (i.e. strong uncertainty) of the majority of agents, which makes them
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easier to influence by the extreme minor groups. In some cases, these minor groups
are themselves conversely very resistant to the influence of the moderate majority,
which is the condition they need to attract this majority to their extreme attitude. In
the bounded confidence model with extremists, this resistance comes from strong
certainty, whereas in our model it is due to a higher similarity requirement to
trigger influence. In fact, both explanations can be seen as complementary. Both
of them are compatible with the attitude strength-related literature which argues
that extremity, importance and certainty are key factors in the capacity to resist
influence [34] [3].
Turning to focus on the second possible explanation for evolution of a norm, i.e.
willingness to differentiate, we can also compare our model to the classical patterns
of the bounded confidence model with extremists. An evolution of the moderate
norm to a polarized norm occurs due to rejection on the secondary dimension in our
model. We can see in figure 11 in Appendix on the right map that our model is able
to produce a “single extreme”’ and “bipolarization”’, again for lower uncertainty
values (um) than the bounded confidence model with extremists. It also shows a
“polarization”’ when there are numerous clusters that, to our knowledge, do not
appear in the bounded confidence model with extremists.
Here then, overall, and standing apart from most of the models considering a
rejection process presented in [17], we show in a unique model the various behaviors
and explanations related to the emergence of extreme clusters and moderate to
polarized norms. Moreover, we show that our conclusions are also valid when the
attitude space is not bounded.
However, our results are dependent to a number of assumptions:
• as already stated, the emergence of extreme minority clusters is due to the speed
of the converging process (i.e. due to the parameter µ); nothing occurs when the
speed of convergence to the center is lower ;
• the model assumes a uniform initial opinion distribution. Compared to other
distributions, depending on factors such as the standard deviation of a normal
initial distribution, it yields a lower or higher number of extremists that might
exacerbate the emergence and influence of extreme clusters when these clusters
are due to the speed of the attraction process;
• the interaction network is complete: every agent can try to interact with any other
agent. Regardless of whether this assumption is plausible, it can be expected
to have a positive effect on the number of interactions before convergence, and
perhaps on the number of agents who remain extremists due of the convergence
dynamics;
• the most important dimension is the same for every agent, so the dimension for
unconditional attraction and rejection is the same for everyone, which makes it
quite difficult to expect what would occur if the most important dimension varies
from one agent to another;
• homogeneous um and us thresholds, which might make opinion clusters more
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stable than they would be if agents had different thresholds;
The next step is to study the sensitivity of our results to these assumptions.
Acknowledgments
The authors thank the Auvergne Region in France for providing grant funding
(“Emergent themes” 2015, project Associatione), and Guillaume Deffuant (Irstea
Lisc) for providing valuable help.
References
[1] Allport, G., The ego in contemporary psychology, Psychological Review 50 (1943)
451–478.
[2] Bicchieri, C. and Mercier, H., Norms and Beliefs: How Change Occurs (Computa-
tional Social Sciences, Springer, Cham, 2014), pp. 1–25.
[3] Bizer, G., Visser, P., Berent, M. K., and Krosnick, J., Importance, Knowledge, and
Accessibility: Exploring the Dimensionality of Strength-Related Attitude Properties
(Princeton University Press, Princeton, 2004), pp. 215–241.
[4] Brewer, M., The social self: On being the same and different at the same time,
Personality and Social Psychology Bulletin 17 (1991) 475–482.
[5] Castellano, C., Fortunato, S., and Loreto, V., Statistical physics of social dynamics,
Review of Modern Physics 81 (2009) 591–646.
[6] Crano, W. D. and Prislin, R., Attitudes and persuasion, Annual Review of Psychology
57 (2006) 345–374.
[7] Deffuant, G., Comparing extremism propagation in continuous opinion models, Jour-
nal of Artificial Societies and Social Simulation 9 (2006) 1–8.
[8] Deffuant, G., Amblard, F., Weisbuch, G., and Faure, T., How can extremism pre-
vail? a study based on the relative agreement interaction model, Journal of Artificial
Societies and Social Simulation 5 (2002).
[9] Deffuant, G., Neau, D., Amblard, F., and Weisbuch, G., Mixing beliefs among inter-
acting agents, Advances in Complex Systems (2001) 87–98.
[10] Deffuant, G. and Weisbuch, G., Probability distribution dynamics explaining agent
model convergence to extremism, Premier Reference Source (Information Science Ref-
erence, Hershey, USA, 2007), pp. 43–60.
[11] Eagly, A. H. and Chaiken, S., The Social Context of Attitude Formation and Change,
Vol. Chapter 13 (Fort Worth, TX: Harcourt Brace Jovanovich, Thomson/Wadsworth,
1993), pp. 627–663.
[12] Farrow, K., Grolleau, G., and Ibanez, L., Social norms and pro-environmental behav-
ior: A review of the evidence, Ecological Economics 140 (2017) 1 – 13.
[13] Festinger, L., A theory of social comparison processes, Human Relations 7 (1954)
117–140.
[14] Festinger, L., A Theory of Cognitive Dissonance (Stanford, CA, Stanford University
Press, 1957).
[15] Flache, A. and Macy, M. W., Local convergence and global diversity: From interper-
sonal to social influence, Journal of Conflict Resolution 55 (2011) 970–995.
[16] Flache, A. and Ma¨s, M., Why do faultlines matter? a computational model of how
strong demographic faultlines undermine team cohesion, Simulation Modelling Prac-
tice and Theory 16 (2008a) 175–191.
September 8, 2018 20:42 WSPC/INSTRUCTION FILE sHuetHSInonHSI
Few self-involved agents among BC agents can lead to polarized local or global consensus 25
[17] Flache, A., Ma¨s, M., Feliciani, T., Chattoe-Brown, E., Deffuant, G., Huet, S., and
Lorenz, J., Models of social influence: Towards the next frontiers, Journal of Artificial
Societies and Social Simulation 20 (2017) 2.
[18] Hegselmann, R. and Krause, U., Opinion dynamics and bounded confidence models,
analysis and simulation, Journal of Artificial Societies and Social Simulation 5 (2002).
[19] Hegselmann, R. and Krause, U., Opinion dynamics under the influence of radical
groups, charismatic leaders, and other constant signals: A simple unifying model,
NHM 10 (2015) 477–509.
[20] Huet, S. and Deffuant, G., Openness leads to opinion stability and narrowness to
volatility, Advances in Complex Systems 13 (2010) 405–423.
[21] Jager, W. and Amblard, F., Uniformity, bipolarization and pluriformity captured as
generic stylized behavior with an agent-based simulation model of attitude change,
Computational and Mathematical Organization Theory (2004) 295–303.
[22] Jager, W. and Amblard, F., Multiple attitude dynamics in large populations, in
Agent 2005 Conference on Generative Social Processes, Models, and Mechanisms,
eds. Macal, C., North, M., and Sallach, D. (co-sponsored by Argonne National Lab-
oratory and The University of Chicago, 2005), pp. 595–613.
[23] Laguna, M. F., Abramson, G., and Zanette, D. H., Minorities in a model for opinion
formation, Complexity 9 (2004) 31–36.
[24] Lorenz, J., Continuous opinion dynamics under bounded confidence: A survey, Inter-
national Journal of Modern Physics C 18 (2007) 1819–1838.
[25] Mark, N. P., Culture and competition: Homophily and distancing explanations for
cultural niches, American Sociological Review 68 (2003) 319–345.
[26] Mason, W. A., Conrey, F. R., and Smith, E. R., Situating social influence processes:
Dynamic, multidirectional flows of influence within social networks, Personality and
Social Psychology Review 11 (2007) 279–300.
[27] Mathias, J., Huet, S., and Deffuant, G., An energy-like indicator to assess opinion
resilience, Physica A: Statistical Mechanics and its Applications 473 (2017) 501 –
510.
[28] Mathias, J.-D., Huet, S., and Deffuant, G., Bounded confidence model with fixed
uncertainties and extremists: The opinions can keep fluctuating indefinitely, Journal
of Artificial Societies and Social Simulation 19 (2016) 6.
[29] Michinov, E. and Michinov, N., Social comparison orientation moderates the effects
of group membership on the similarity-attraction relationship, The Journal of Social
Psychology 151 (2011) 754–766.
[30] Michinov, E. and Monteil, J.-M., Attraction personnelle et attraction sociale: Lorsque
la saillance categorielle annule la relation similitude-attraction, Canadian Journal of
Behavioural Science/Revue canadienne des sciences du comportement 35 (2003) 305.
[31] Montoya, R. M. and Pittinsky, T. L., When increased group identification leads to
outgroup liking and cooperation: The role of trust, The Journal of Social Psychology
151 (2011) 784–806.
[32] Moscovici, S. and Zavalloni, M., The group as a polarizer of attitudes, Journal of
Personality and Social Psychology 12 (1969) 125–135.
[33] Petty, R., Cacioppo, J., and Haugtvedt, C., Ego-involvement and persuasion: An
appreciative look at the Sherif ’s contribution to the study of self-relevance and attitude
change (Springer/Verlag, New York, 1992), pp. 147–175.
[34] Petty, R. and Krosnick, J. A., Attitude strength: An overview, Vol. 4 (Lawrence Erl-
baum Associates, Inc, Hillsdale, NJ, England, 1995), pp. 1–24.
[35] Reid, C. A., Davis, J. L., and Green, J. D., The power of change: interpersonal
attraction as a function of attitude similarity and attitude alignment, The Journal of
September 8, 2018 20:42 WSPC/INSTRUCTION FILE sHuetHSInonHSI
26 Huet S., Mathias J.D.
Social Psychology 153 (2013) 700–719.
[36] Salzarulo, L., A continuous opinion dynamics model based on the principle of meta-
contrast, Journal of Artificial Societies and Social Simulation 9 (2006).
[37] Schultz, P., Nolan, J., Cialdini, R., Goldstein, N., and Griskevicius, V., The construc-
tive, destructive, and reconstructive power of social norms, Psychological Science 18
(2007) 429–434.
[38] Sherif, C. W. and Muzafer, S., Attitude, ego-involvement, and change, in Symposium
of the Pennsylvania State University (Wiley, New York, 1968), p. 316.
[39] Sherif, M. and Hovland, C., Social Judgment. Assimilation and contrast effects. Com-
munication and attitude change (New Haven and London: Yale University Press,
1961).
[40] Tajfel, H. and Turner, J., An integrative theory of intergroup conflict (Monterey, CA:
Brooks/Cole, 1979), pp. 33–47.
[41] Thomsen, C. J., Borgida, E., and Lavine, H., The causes and consequences of personal
involvement (Psychology Press Taylor and Francis Group, 1995), pp. 191–214.
[42] Turner, J., Social identification and psychological group formation, chapter 25 (Cam-
bridge University Press, Cambridge, 1984), pp. 518–538.
[43] Turner, J., Hogg, M., Oakes, p., Reicher, S., and Wetherell, M., Rediscovering the
social groups: A self-categorization theory (Cambridge, MA: Basil Blackwell, 1987).
[44] Whittaker, J. O., Opinion change as a function of communication-attitude discrep-
ancy, Psychological Reports 13 (1963) 763–772.
[45] Wood, W., Lundgren, S., Ouellette, J., Busceme, S., and Blackstone, T., Minority
influence: a meta-analytic review of social influence processes, Psychological Bulletin
115 (1994) 323–345.
[46] Wood, W., Pool, G., Leck, K., and Purvis, D., Self-definition, defensive processing,
and influence: the normative impact of majority and minority groups, Journal of
Personality and Social Psychology (1996) 1181–1193.
Appendix A. Results of the experimental design expressed in
terms of patterns of the bounded confidence model
with extremists
Figure 11 presents the map indicating the patterns output from the model for the
experimental design presented in section 3.3. A type of convergence, i.e. a pattern,
is defined by at least 50% of replicates leading to this type. The patterns are:
• the large majority of agents gather in a single moderate cluster - number 0 on
the map;
• the large majority of agents gather in a single polarized cluster - number 1 on
the map;
• the agents are gathered in different groups of attitudes or opinions and these
groups are located further from each other than expected by the bounded confi-
dence model - number 3 on the map;
• bi-polarization, a subcategory of the pattern above, in which the agents are gath-
ered in two major groups of attitudes or opinions and these two groups are located
further from each other than expected by the bounded confidence model - number
2 on the map ;
• the agents are gathered in different groups of attitudes or opinions and these
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groups are moderate enough since they are located at the same distance from
each other as expected by the bounded confidence model - number 4 on the map;
Fig. 11. Diagnosis on the main dimension (on the left) and on the secondary dimension (on
the right), h 0.1: 0 (or 0.5) means single moderate cluster; 1 means single extreme cluster; 3
means several polarized clusters; 4 means several moderate clusters; 2 means bi-polarization (two
polarized clusters). For each map, x-axis plots um increasing from right to the left, and y-axis
plots us decreasing from top to the bottom.
The polarization on the main and on the secondary issue does not, at a stable
state, seem able to occur simultaneously in most cases. However, a long transitory
polarization on the two dimensions is definitely possible for um and us values in the
bottom right corner.
Moreover, the map does not show the state recently pointed out by [28] in
which non-extremist agents continue to fluctuate without being able to find a stable
attitude due to a very large uncertainty and their attraction for the extremists
agents. This is because it does not appear with h 0.1, but we know from [20] that
when h is larger, in fact 1 in this paper, this kind of state also appears. However,
it differs in the way it can be explained from the dynamics, since it is not only
associated to the uncertainty value but also to the rejection process.
